Abstract: Along with urbanization and economic development, the number of private cars has increased rapidly in recent years in China, which contributes to concerns about traffic congestion, hard parking, energy consumption, and emissions. This study aims to investigate the joint effect of built environment and parking availability on car ownership and use based on a household travel survey conducted in Changchun, China. The binary logistic model was first employed to investigate the determinants of the car ownership in Changchun. Next, this study examined the potential impacts of the built environment and parking availability on car use for the journey to work. The result shows that built environment and parking availability can be both significantly associated with car ownership and use after controlling for the socio-economic characteristics. Moreover, in contrast with the model ignoring the parking availability, the model for car use considering the joint effect fit the data better. The results indicate that car dependency depends on the joint effect of the built environment and parking availability. These results suggest that transit-oriented urban expansion and compact land use can contribute to reducing car commuting. Meanwhile, parking restrictions at both trip start and end would be effective for sustainable transport because parking oversupply could encourage more car dependency.
Introduction
In China, concerns about transportation energy consumption and emissions force the government to promote sustainable urbanization and combat the economic, environmental, energy, and safety issues that go with rapid motorization [1] . According to an official report, the number of private cars in China has reached 100 times what it was in 1990. The rapid growth of car ownership and use contributes to most of the concerns [2] . Therefore, promotion of urban sustainable transportation through reducing car ownership and use is of significant importance for energy conservation and emissions reduction.
A variety of literature has identified a wide range of factors influencing car ownership and use, such as socio-economic characteristics, parking availability, and management policies [3] [4] [5] [6] [7] [8] [9] . In addition, there is a growing body of research that focuses on the influence of the built environment on car dependency [10] [11] [12] [13] [14] [15] . However, there are still some major gaps that need to be filled. First, few studies focus on the influence of the built environment on car ownership and use in developing countries, especially in small and mid-sized cities. Thus, the existing studies conducted in western countries can provide few policy implications for the small and mid-sized cities in China, where car ownership and use are still growing constantly. Taking Changchun as a case, the number of private cars has reached 1.23 million in 2013, a 251% increase from 2008. Second, previous studies rarely take into account intentions of households without cars in purchasing one. However, in small and mid-sized cities in China, many households still cannot afford to purchase a car [16] . Therefore, the intentions of households without cars will be associated with the private car number in the future. More importantly, existing studies exploring the influence of built environment on car dependency rarely take into account the parking availability, which may lead to mis-understanding of the role the built environment plays [17] . Finally, apart from residential built environment, the built environment at job locations can also influence the commuting mode choice. To the best of our knowledge, however, few efforts have been made to account for this influence [13, 18] .
This paper aims to fill the gaps simultaneously by exploring the joint effect of the built environment and parking availability at both residence and workplace on car dependency. The remainder of this paper is organized as follows. The following section is a review of existing literature. The third section presents the data and method used in this study. Then, the following section discusses the results. The final section provides the conclusions and recommendations for future studies.
Literature Review

The Impacts of Built Environment on Travel Behavior
Built environment, residents' daily activities, and spatial locations are important terms that can potentially determine travel behavior [17, 19, 20] . A growing body of literature has investigated the influence of the built environment on car ownership and use [3, 12, 21] . However, previous studies have returned debatable conclusions. For instance, Naess [19] used Nordic cities as a case to explore the influence of urban form on travel behavior and found that density had a significant influence on travel behavior at the significant level of 95% (Coeff. = −0.60). Conversely, Ewing and Cervero [22] analyzed existing literature that examines the interaction between the built environment and travel behavior and concluded that population and employment density were not significantly associated with household vehicle miles traveled (VMT) (Coeff. = −0.05).
Built environment consists of some measurements, including diversity, density, distance to transit, and destination accessibility, which have been summarized as "D variables". Land use mixture is a key component representing diversity, which has received much attention [23] [24] [25] . For instance, Acker and Witlox [25] treated car ownership as a mediating variable between built environment and car use and confirmed that land use mixture had a significant influence on car use at the significance level of 99% (Coeff. = −0.023). However, some researchers have claimed that the built environment has little influence on car dependency. Distance to transit is another key factor, that plays an important role in influencing travel behavior due to the "Transit Metropolis" program in China [26, 27] . Li et al. [3] implemented regression models to investigate the influence of transit accessibility and found that non-work car dependency of the residents living near metro stations were influenced by the built environment significantly at the significant level of 99% (Coeff. = −1.018). Density is usually quantified by the residential and employment density. Ding et al. [12] investigated the influence of the residential and employment density on car ownership and travel distance. The results indicate that households living in areas with lower residential density tend to have a higher probability of owning cars at the significance level of 95% (Coeff. = −0.103). In addition, employment density is found to have a significant influence on car ownership and travel distance at the significance level of 95%. Design is a component which is usually represented by street network connection, intersection density or block size. Hong et al. [28] implemented a Bayesian model and found that the intersection density was negatively related (−0.24) with non-work related VMT at the significance level of 95%. This means that people living in areas with lower intersection density tend to drive more than others for non-work purpose. Destination accessibility is an element representing the location, which is proven to have a negative influence on VMT [12, 29, 30] . However, it is still unclear about the link between the built environment and car dependency in China due to the fact that few studies are conducted in Chinese cities. On the other hand, rapid urbanization has provided a new insight into the link between the built environment characteristics and commuting mode choice in many Chinese cities.
The Impacts of Parking Facilities on Car Ownership and Use
The majority of car ownership and use studies mention the effects of parking facilities on travel behavior, directly or indirectly [9, 17] . The effects of workplace parking on mode choice for the journey to work have been explored in many studies [31] [32] [33] [34] . For instance, Christiansen [17] explored the influence of workplace parking availability on commuting mode choice and found that the influence of parking regulations at the workplace on car use was significant at the significance level of 95% (Coeff. = −0.205). It is an effective way for employers to reduce the probability of driving alone by providing parking discounts for ride-sharers [32] . Liu et al. [35] employed a structural equation model to investigate how parking interplayed with the built environment and affected car commuting in Shenzhen. Rye et al. [36] used Edinburgh as a case to explore the influence of workplace parking on commuting mode choice and the results indicate that controlled parking zones can reduce the car use. However, few studies have focused on the effects of origin parking availability on car ownership and use until recently [35] . Some studies show that the influence of parking restraints at the origin of a trip is also important for car use [8, 9, 17] . For instance, Weinberger [37] used a generalized linear model to predict the proportion of residents who drive to work considering the parking supply in neighborhoods. Guo [9] measured the parking supply for 770 households in New York City region using Google Street View and found that residential parking supply significantly determined the household car ownership and use decision. Guo [8] investigated the effect of home parking convenience on household car usage and found that home parking limitations helped to reduce households' car usage. Previous studies have produced mixed results about the effects of parking at the origin and destination of a trip. Some studies suggest that the residential parking supply could affect car ownership and use because a car would be parked for most of its lifetime [38] . However, others would argue that car dependency is primarily affected by the travel demand budget constraints rather than parking regulations [39] .
Other Factors Influencing Car Ownership and Use
Apart from built environment and parking availability, there are other factors influencing car ownership and use. Additionally, compared with built environment and parking availability, some researchers have realized that the socio-economic characteristics are more important factors [11, 40, 41] . Especially in China, the economic factor could be a determinant because many households still cannot afford to purchase a car [16] .
Income is one of the most important factors and it has been well explored in previous studies [42, 43] . Some researchers have confirmed that income is a determine of car dependency in China [41] , although some researchers argue that household income has little influence on VMT [24] . Household size and structure are both factors that could influence car ownership and use. Different household structures can generate different car travel demand, such as education and healthcare purposes [23] .
Different from the studies conducted in western countries, Hukou system is a term that could influence the car ownership and use in China. Hukou system is a special mechanism preventing people living in rural areas moving into cities [44] . In addition, it also prevents many migrant workers from some social welfare. Therefore, whether the household has local Hukou can be a determinant of car ownership and use.
Apart from the aforementioned characteristics, attitude and preference characteristics have received more attention recently as self-selection effects [41, [45] [46] [47] [48] . A variety of outcomes from self-selection effect have been empirically examined, ranging from travel model choice [47, [49] [50] [51] ] to transportation energy consumption and emissions [41, 45] . With rapid urbanization, car ownership is still growing constantly in small and mid-sized cities in China. In order to reduce car dependency in Chinese cities, the Chinese government has invested a huge amount in their public transport systems. Therefore, transit accessibility is a term that needs to be considered in China.
Based on our literature review, we have developed two research hypotheses: (1) socio-economic characteristic, built environment, and parking availability collectively have significant impacts on car ownership and use decision; (2) it will lead to a bias estimation for the impacts if parking availability effects are not taken into account. To support these hypotheses, this study employed four binary logistic models to explore the joint effect of socio-economic characteristic, built environment, and parking availability on car ownership and use decision.
Research Design
City Context of Changchun
We focused on Changchun in this study, which is a mid-sized city in Northeast China. Changchun is the capital of Jilin Province. The study region is shown as Figure 1 . The population of Changchun has reached 3.63 million and Changchun has an area of 16,410 km 2 until 2012 [2] . At the end of 2012, it had two metro lines covering 47.6 km. Moreover, Changchun has been chosen as a member of the "Transit Metropolis" program in 2013, which is a program proposed by the Ministry of Transportation in China, aiming to promote sustainable transportation as a way of reducing car use [52] . However, the number of cars is still growing rapidly. The number of cars has reached 1.23 million in 2013, which is 3.51 times as that in 2008 [53] . A series of problems related to car dependency such as traffic congestion, energy shortage, and air pollution have become urgent to solve.
Many studies have explored the influence of built environment and parking availability respectively. However, few studies focus on their joint effects. Therefore, these studies might mis-understand the influence of the built environment and parking availability due to the deviation caused by variable omission. This study aims to fill the gaps and provide preferences for similar cities in China. Chinese cities, the Chinese government has invested a huge amount in their public transport systems. Therefore, transit accessibility is a term that needs to be considered in China. Based on our literature review, we have developed two research hypotheses: (1) socio-economic characteristic, built environment, and parking availability collectively have significant impacts on car ownership and use decision; (2) it will lead to a bias estimation for the impacts if parking availability effects are not taken into account. To support these hypotheses, this study employed four binary logistic models to explore the joint effect of socio-economic characteristic, built environment, and parking availability on car ownership and use decision.
Research Design
City Context of Changchun
We focused on Changchun in this study, which is a mid-sized city in Northeast China. Changchun is the capital of Jilin Province. The study region is shown as Figure 1 . The population of Changchun has reached 3.63 million and Changchun has an area of 16,410 km 2 until 2012 [52] . At the end of 2012, it had two metro lines covering 47.6 km. Moreover, Changchun has been chosen as a member of the "Transit Metropolis" program in 2013, which is a program proposed by the Ministry of Transportation in China, aiming to promote sustainable transportation as a way of reducing car use [53] . However, the number of cars is still growing rapidly. The number of cars has reached 1.23 million in 2013, which is 3.51 times as that in 2008 [54] . A series of problems related to car dependency such as traffic congestion, energy shortage, and air pollution have become urgent to solve.
Many studies have explored the influence of built environment and parking availability respectively. However, few studies focus on their joint effects. Therefore, these studies might misunderstand the influence of the built environment and parking availability due to the deviation caused by variable omission. This study aims to fill the gaps and provide preferences for similar cities in China. 
Data and Variables
The primary data comes from the 2012 Changchun household travel survey, which was conducted by the Beijing Transport Institute and Changchun Institute of Urban Planning and Design from 1 May 2012 to 13 May 2012. The survey is the most recent travel survey in Changchun, which is representative of the city. The survey region includes Nanguan District, Chaoyang District, Kuancheng District, Erdao District, and Lvyuan District. The total samples include 51,909 members from 20,000 households. The sampling rate is 0.68%. In addition, 3,651 households have one or more cars, which take up 18.2% of the total samples. The proportion of households that own at least one car in the traffic analysis zones (TAZs) is shown in Figure 2 . The travel survey data includes all the complete travel information on an assigned workday of the respondents. After error checking, we randomly selected one member's commuting trip data from each household. Finally, 12,977 commuting trips were used for this study. 
The primary data comes from the 2012 Changchun household travel survey, which was conducted by the Beijing Transport Institute and Changchun Institute of Urban Planning and Design from 1 May 2012 to 13 May 2012. The survey is the most recent travel survey in Changchun, which is representative of the city. The survey region includes Nanguan District, Chaoyang District, Kuancheng District, Erdao District, and Lvyuan District. The total samples include 51,909 members from 20,000 households. The sampling rate is 0.68%. In addition, 3,651 households have one or more cars, which take up 18.2% of the total samples. The proportion of households that own at least one car in the traffic analysis zones (TAZs) is shown in Figure 2 . The travel survey data includes all the complete travel information on an assigned workday of the respondents. After error checking, we randomly selected one member's commuting trip data from each household. Finally, 12,977 commuting trips were used for this study. The socio-economic characteristics include individual characteristics and household characteristics in this study. The individual characteristics include the respondent's gender, age, and education level. The household characteristics include the Hukou type, household size, household income, car ownership status, and the willingness to purchase a car for the households without cars. The descriptive statistics of socio-economic characteristics are shown in Table 1 . The socio-economic characteristics can reflect the people's living conditions in Changchun due to the fact that the 2012 Changchun household travel survey is the most recent travel survey, which is representative of the Changchun city.
Urban built environment consists of land use, urban design, and traffic system. To explore the influence of the built environment on car ownership and use, four types of variables are used to measure the built environment in this study. They are design (intersection density), distance to transit (transit station density), destination (distance to Central Business District (CBD)), and diversity (land use mixture). The built environment variables are defined and described as follows.
Intersection density: intersection number per square kilometer at TAZ level. Intersection density represents the road network characteristics in the TAZs. This variable was obtained using ArcGIS software and it was calibrated based on the Changchun Traffic Map. The socio-economic characteristics include individual characteristics and household characteristics in this study. The individual characteristics include the respondent's gender, age, and education level. The household characteristics include the Hukou type, household size, household income, car ownership status, and the willingness to purchase a car for the households without cars. The descriptive statistics of socio-economic characteristics are shown in Table 1 . The socio-economic characteristics can reflect the people's living conditions in Changchun due to the fact that the 2012 Changchun household travel survey is the most recent travel survey, which is representative of the Changchun city.
Intersection density: intersection number per square kilometer at TAZ level. Intersection density represents the road network characteristics in the TAZs. This variable was obtained using ArcGIS software and it was calibrated based on the Changchun Traffic Map.
Transit station density: transit station number per square kilometer at TAZ level. Transit station density is used to measure the transit accessibility. Transit stations include bus stops and metro stations. Transit station density was calibrated based on the points of interest (POIs) extracted from AMAP, which is one of the most popular web mapping service applications in China.
Distance to CBD: distance to CBD in kilometers. Distance to CBD represents the spatial location of the residence or workplace. We extracted the centroid point coordinates of TAZs and calibrated the shortest distance along road links between centroid point coordinates of TAZs and CBD.
Land use mixture: measurement of degree of different types of land use composition. Land use mixture is used to measure the diversity of land use. Due to the lack of land use data, we used AMAP Application Programming Interface (API) to extract POIs including residence, hotel, restaurant, supermarket, park, square, mall, school, hospital, bank, and government. An entropy method was used to calibrate the land use mixture based on the POIs, following Wang et al. [22] . The entropy value can be calibrated as follows:
where p ij is the proportion of POI type i found in TAZ j, and N j is the total number of all POIs in TAZ j. E j is the entropy value of TAZ j. The value ranges from 0 to 1 and higher value represents a more balanced land use mixture. Parking availability is used to measure the parking accessibility around residences and workplaces. The parking availability around the residence and workplace is measured by two indexes, respectively. The first index is the parking density in the TAZs. The second one is whether there are parking lots within the 500 m buffer around the residence and workplace or not. We used AMAP Application Programming Interface (API) to extract POIs and ArcGIS software to calibrate the parking density. The parking availability within 500 m buffer was obtained using ArcGIS software.
The travel-related characteristics include commuting mode and commuting distance. Commuting mode was defined as a binary variable according to whether the respondent goes to work by car or not. The commuting distance was calibrated using the shortest path based on the origin and end of the trip. 
Method
There were four models in this study. The binary logistic model was employed to explore the determinants of car ownership and use. The dependent variables were car ownership status for all households and the intention of purchasing a car in two years for the households without cars in the former two models, respectively. First, we analyzed how built environment and parking availability influenced whether the household owned cars and planned to purchase one in two years or not. The first model was used to explore the determinants of car ownership for all households.
Car ownership status of the household was defined as a binary variable. The second model aimed to explore the determinants of the intention of purchasing a car in two years for the households without cars. Then, we analyzed how built environment and parking availability both at the start and at the end of the trip influenced car use for commuting in the latter models. In order to investigate the influence of parking availability on car use, two logistic models were employed. The third model only revealed the influence of built environment and socio-economic characteristics on car use for the journey to work as comparison, whereas parking availability was considered in the final model.
Binary logistic models are usually used to predict the probability of occurrence for some binary explained variables according to the explanatory variables. In this study, the explained variables included car ownership status for all households, intention of purchasing a car for the households without cars, and car use for commuting, respectively. The explained variable is set to be one when it occurs. Otherwise, it is set as zero. The explanatory variables include social-economic characteristics, built environment characteristics, and parking availability. Then the binary logistic model is represented as follows:
where Y is the the explained variable; β 0 , β 1 , β 2 · · · β k are the estimated parameters of explanatory variables; X 1 , X 2 · · · X k are the explanatory variables. In this study, the four binary logistic models are calibrated according to the maximum likelihood estimation method. All the estimations and computations are carried out by using SPSS software, version 24. Table 2 presents the results of car ownership and intention of purchasing a car in two years for households without cars. After controlling for the other variables, some built environment variables still have significant influence on car ownership and the intention of purchasing a car. The coefficients of transit station density and intersection density in residential areas are −0.019 and −0.007, respectively. The results show that transit station density and intersection density in residential areas have significantly negative relations with car ownership at the significance level of 95%. This means that households living in areas with higher transit station density and intersection density have a lower probability of owning cars. According to the results, distance to CBD from residence shows a significantly positive (0.178) relation with car ownership at the significance level of 95%. It indicates that households living far from CBD are more likely to own a car. Additionally, the results indicate that land use mixture is also a factor that can influence household car ownership status. As the land use mixture increases, the odd of owning cars becomes higher. The influence of land use mixture in residential areas is consistent with some existing studies [11, 54] . This might be explained by the fact that people living in compact land use areas encounter shorter distances, thus cutting down the travel cost and further reducing the cost of car ownership. Moreover, land use mixture and transit station density in residential areas are also significantly associated with car ownership propensity for households without cars at the significance level of 95% and 90% respectively (1.510 for land use mixture and −0.004 for transit station density). Households living in the areas with lower transit station density and compact land use mixture have a stronger propensity of owning cars in two years. For the workplace built environment, land use mixture and distance to CBD have significantly positive influences on car ownership, which is similar with the influence of residential built environment. In addition, only the intersection density at job location is found to be significantly related with the car ownership propensity. Note: ** and * denote significance at the levels of 95% and 90%, respectively.
Results and Discussion
Determinants of Car Ownership
As shown in Table 2 , parking availability variables play a remarkable role in determining car ownership. It is found that the effect of parking proximity within 500 m buffer and parking density in residential areas on car ownership and intentions of purchasing a car in two years is significantly positive. It means that parking convenience raises the probability of car ownership and intentions of purchasing a car. This might be explained by the fact that residential parking availability plays an important role in making the car purchasing decision. The coefficients of parking proximity within the 500 m buffer and parking density in workplace areas are 0.027 and 0.005. The results show that they are only significantly associated with car ownership at the significance level of 95%. However, the influence on car ownership intention is not significant. This may be because, when residents make car ownership purchase decision, parking availability in residential areas and other driving demands for non-work purposes are also important.
Most household characteristics and travel-related characteristics show significant influence on car ownership and the intention of purchasing a car. The coefficients of household income in model 1 are −0.055 and 0.032. And the coefficients in model 2 are −0.377 and 0.072, respectively. The results show that household income is significantly related with car ownership and the intentions of purchasing a car. These results indicate that households with higher income have a higher probability of owning cars and stronger will to purchase a car in the future. The result is consistent with most previous studies because household income restrains the cost of purchasing and use [40, 42, 54] . The number of household students is both related with household car ownership and purchase intention. Additionally, household workers are only related with the purchase intention. Household size is not associated with car ownership. However, it is shown that bigger households tend to own cars in two years. Commuting distance is another factor that only influences car ownership. Table 3 presents the regression results of car use. In this study, Nagelkerke R 2 is used to assess the model fit. Generally, a higher value of Nagelkerke R 2 identifies a better fitting model. When comparing the model fit information between these two models, the final model considering parking availability fit better. The result indicates that parking availability cannot be ignored when exploring the influence of socio-economic characteristics and built environment on car dependency.
Determinants of Car Use
The results of the third model show that built environment can influence the respondents' commuting mode choice after controlling for socio-economic characteristics and travel-related information. It is found that residential land use mixture has significantly negative (−1.214) association with car use for the journey to work at the significance level of 90%, which is consistent with existing studies [12] . Moreover, residents living in areas with higher transit station density have a lower probability of commuting by car. Distance to CBD is also a factor that can influence the commute mode choice significantly. People living farther from the CBD commute by car more. It might be explained by the fact that most employment opportunities concentrate around the CBD, which increases the commuting distance of residents living in suburban districts. Residential intersection density has no significant influence on commuting mode choice. The influence of workplace built environment is similar with that of the residence. The results show that land use mixture has few influences on commuting mode choice. Additionally, the coefficient (0.026) of distance to CBD is significant and positive at the significance level of 90%, suggesting that a workplace which is farther from the CBD can increase the probability of commuting by car. As transit station density increases, residents have a lower probability of commuting by car (Coeff. = −0.008). Moreover, workplace intersection density is not related with commuting mode choice. Similar to car ownership, most socio-economic characteristics and travel-related information have significant influences on commuting mode choice. Men are found to be more likely to commute by car. In addition, age has a significantly positive influence on commuting by car at the significance level of 90% (Coeff. = 0.112). The coefficient of education level is 0.877. The results suggest that people who have completed college degrees have a higher probability of commuting by car than others. Hukou system is a special system conducted in China to prevent population mobility and it also has a positive influence on car use for commuting at the significance level of 90% (Coeff. = 0.131). This means that people with local Hukou generate more car commuting trips. Household income is also positively associated with commuting by car. Additionally, household students are not associated with car commuting. Commuters living in households with more workers have a higher probability of commuting by car (Coeff. = 0.157). Moreover, residents from the households owning cars tend to commute by car more than others. It is found that household size has no significant influence on commuting mode choice. What's more, commuting distance is positively associated with the probability of car commuting, which is consistent with the previous study [23] .
Parking availability is used to measure the parking convenience, which can produce influence on commuting mode choice [17, 35] . Therefore, it can lead to mis-estimating the influence of built environment on car commuting when ignoring the influence of parking availability. After incorporating the parking availability into the third model, the model fits the data better, as shown in Table 3 . Most of the influences do not show substantial changes, except for the workplace intersection density and land use mixture, which become significant in model 4. However, the power of other factors has changed. As shown in Table 3 , the results show that the parking availability variables at residence and workplace are all significant (0.019 and 0.023 for residence, 0.006 and 0.012 for workplace) at the significance level of 95%. These results demonstrate the effect of parking availability, which should not be ignored in the model. After controlling for the socio-economic characteristics and built environment characteristics, parking density at residence and workplace is positively associated with car use for the journey to work. Moreover, parking proximity at residences and workplaces can encourage car use to some extent. After controlling for socio-economic characteristics and parking availability, except for the residential land use mixture, the influence of other built environment characteristics decreases. Therefore, the third model mis-estimates the influence of the built environment due to the lack of parking availability variables.
Conclusion and Policy Implications
This study explored the joint effect of the built environment and parking availability on car ownership and use under a rapidly urbanizing and motorizing context of Changchun, China. The binary logistic model was used to investigate the effects. Results show that after controlling for the socio-economic characteristics and parking availability, built environment is still significantly associated with car ownership and use, which confirmed the existing studies [55] [56] [57] [58] . Moreover, the results demonstrate the effect of parking availability, which cannot be ignored when exploring the influence of built environment on car ownership and use. Specifically, car ownership is significantly associated with parking availability in residence and workplace neighborhood, most built environment characteristics except for the transit station density and intersection density in workplace neighborhood, household income, household students and commuting distance. In addition, bigger household size, higher household income, more household students, more household workers, compact land use mixture, and lower transit station density in residence neighborhood, lower intersection density in workplace neighborhood, better parking availability and parking proximity can increase the odds of purchasing a car for households without cars. Regarding car use decisions, all factors, including socio-economic characteristics, built environment characteristics, and parking availability, in this study, show significant association with car use for commuting except for household size, household students and intersection density in residential areas.
The findings of this study have some policy implications, which could help develop efficient policies to reduce car ownership and use, thus saving energy and reducing pollutant emissions further. First, it is desirable for urban planners and policy makers to develop strategies to reduce car dependency for small and mid-sized cities like Changchun. The results reveal that a wide range of built environment characteristics from residence to job location can influence car dependency. While the residential built environment characteristics are more influential on commute behavior than the characteristics at job location, built environment at job location should not be ignored. Second, parking supply is a key factor that could have influence on car dependency. The results suggest that parking restrictions at both residence and workplace could reduce the odds of using a car for the journey to work. Therefore, it would be wise for urban planners to moderately restrict the parking supply and increase the distance between parking and workplace. Third, results show that higher transit station density can help produce important positive outcomes, which strongly suggests that transit-oriented development (TOD) is an effective strategic approach for urban expansion. Therefore, urban planners and policy makers should facilitate a strategic approach in China. Finally, Hukou is a special system conducted to control population mobility and the socio-welfare distribution in China, which is rather different from western cities. The results indicate that commuting trips with local Hukou increase the likelihood of driving to work. Therefore, policy makers should pay more attention to these groups of people and promote quota control policies for car ownership and use.
One limitation of this study should be noted in future work. Parking availability is only captured using the parking density and parking proximity at residence and workplace due to the lack of other variables. To solve this problem, more related variables, such as parking fees, should be considered for follow-up work.
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